Purpose: To clarify the prevalence and symptomatic characteristics of sleep disturbance/ insomnia among type-2 diabetes mellitus (DM) Japanese patients. Methods: A cross-sectional survey of Japanese patients with the disorder was conducted. Participants consisted of 622 type-2 DM patients (mean 56.1±9.56 years) and 622 sex-and agematched controls. Participants' scores in the Japanese version of the Pittsburgh Sleep Quality Index (PSQI-J), the Japanese version of the 12-item Center for Epidemiologic Studies Depression Scale (CES-D), the Medical Outcomes Study 8-item Short Form Health Survey (SF-8), and the glycated hemoglobin A1c (HbA1c) of type-2 DM patients were analyzed. Results: There were 253 poor sleepers (43.9%) in the type-2 DM group as a result of dichotomization with the PSQI-J cutoff total score of 5.5. The type-2 DM group recorded a higher mean PSQI-J total score (P,0.01) and manifested poorer sleep maintenance. Poor sleepers in both groups had lower mental component summary from SF-8 (MCS), physical component summary from SF-8 (PCS), and CES-D than good sleepers, and good sleepers in both groups had higher MCS, PCS, and CES-D than poor sleepers. Higher body mass index, presence of smoking habit, and living alone were significantly associated with sleep disturbance/insomnia symptoms, but HbA1c was not associated with sleep disturbance/insomnia in the type-2 DM group. Conclusion: Individuals affected with type-2 DM are likely to experience sleep problems, characterized by disturbance in sleep maintenance. Sleep disturbance/insomnia symptoms in DM patients might considerably reduce health-related quality of life.
Introduction
Type-2 diabetes mellitus (DM) is characterized by a chronic condition of beta-cell dysfunction against a background of obesity-related insulin resistance. The disorder is well known to be associated with an increased risk of mortality as well as placing a substantial economic burden on public health care budget. 1 Type-2 DM has a significant and consistent association with depressive symptoms and various somatic complications such as neuropathy, retinopathy, nephropathy, and cardiovascular diseases. 2 Thus, the high prevalence of type-2 DM has become a global issue as a lifestyle-related disease that may increase the risk of serious physical and psychological health issues.
Approximately 37%-50% of type-2 DM patients have sleep problems, and the rate of individuals having insomnia is higher than the general population. [3] [4] [5] [6] Reduced sleep quality with low levels of slow-wave sleep, as occurs in many obese individuals, may submit your manuscript | www.dovepress.com
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Narisawa et al contribute to increase the risk of type-2 DM. 5 Both sleep difficulties and poor sleep quality are thought to worsen diabetes symptoms. A prospective study has suggested that type-2 DM individuals may be at risk of developing insomnia, 7 and a meta-analysis has found that poor quality and quantity of sleep were consistently and significantly associated with an elevated risk of developing type-2 DM. 4, 8 Studies of sleep deprivation have indicated that disturbed or reduced sleep impairs glucose tolerance and increases the risk of developing type-2 DM. [9] [10] [11] [12] [13] [14] Thus, it is possible that type-2 DM and insomnia symptoms intensify each other.
To date, numerous epidemiological studies on sleep disturbance in type-2 DM patients have been conducted in Western countries. [15] [16] [17] [18] [19] On the other hand, it has been reported that those who had sleep disturbances showed two-to threefold higher risk of onset of type-2 DM by an 8-year prospective study investigating the relationship between sleep disturbance and subsequent onset of type-2 DM among Japanese men. 20 Sleep disturbance and depressive symptoms correlated with the health-related quality of life (HRQOL) of Japanese patients with type-2 DM. 21 It has been already known that the pathophysiology of Japanese type-2 DM is different from that of Caucasian in the sense that Japanese are unable to compensate insulin resistance although insulin secretion is increased to almost the same extent as Caucasian. 15 Detailed inclusive information about the prevalence of sleep disturbance/insomnia among Japanese type-2 DM patients and the impact and characteristics of sleep disturbance/insomnia symptoms in this population as compared with normal population including both sex have not been ascertained. Taking these issues into consideration, we conducted a cross-sectional study on Japanese type-2 DM patients focusing on the content of insomnia symptom.
Methods
Participants and procedures
This study was approved by the ethics committee of Tokyo Medical University, Japan, and written informed consent was obtained from all participants.
Attending physicians invited consecutive type-2 DM patients who visited the outpatient clinic for diabetes, endocrinology, and metabolism consultations at Tokyo Medical University Hospital, Japan, in February 2014 to fill in the questionnaire. A total of 881 patients out of 1,092 agreed to participate in the survey and completed the questionnaire described in the following paragraph with a response rate of 80.7%. Blood samples from these patients were collected on the same day for glycated hemoglobin A1c (HbA1c) analysis. We excluded 256 participants whose age was outside the age range of 30-69 years, to align with the general population group as indicated below, and three participants who failed to complete the items for sex or age. This process yielded 622 participants (472 males, 150 females; mean 56.1±9.56 years) who constituted the type-2 DM group. Of these, 464 patients were taking oral hypoglycemic agent, and 169 patients were receiving insulin therapy. The general population group of 622 participants was randomly sampled from participants in our cohort survey that was conducted for dietary assessment research in 2014 (n=2,007; age range 30-69 years). The general population group was matched for sex and age with the type-2 DM group. All the subjects in the type-2 DM group and the general population group were not engaged in shift work at the investigation.
Questionnaires used for this survey consisted of the following: the Japanese version of the Pittsburgh Sleep Quality Index (PSQI-J), the Japanese version of the 12-item Center for Epidemiologic Studies Depression Scale (CES-D), and the 8-item Short Form Health Survey of the Medical Outcomes Study (SF-8). Demographic variables including age, sex, body mass index (BMI), living alone or with others, family members needing in-home nursing care, and regular employment were collected. Information was also gathered about personal behaviors such as habitual smoking, alcohol consumption, and physical exercise.
Subjective sleep difficulty was assessed with the validated PSQI-J, 22 translated from the original version. 23 The PSQI-J is a self-rated questionnaire that measures sleep difficulty including sleep disturbance retrospectively for a 1-month period, with total scores ranging from 0 to 21. Higher PSQI-J scores indicate more severe sleep difficulty, and a total PSQI-J score .5.5 yields a diagnostic sensitivity of 85.7% for pathological insomnia. 22 The questionnaire measures seven subitems for sleep difficulty (C1: sleep quality; C2: sleep-onset latency; C3: sleep duration; C4: sleep efficiency; C5: sleep disturbance; C6: use of sleep medications; C7: daytime dysfunction). This scale has been used for measuring sleep disturbance/insomnia in previous epidemiological studies. 24 The Japanese 12-item version of the CES-D was used to assess depressive symptoms. 25, 26 The total score of the CES-D has a range of 0-36 points and participants with scores .12 points are defined as having depressive symptoms. 26 We also used the SF-8, which is a simpler version of SF-36 that is as useful for evaluating HRQOL. [27] [28] [29] The SF-8, which measures the domains of vitality, social functioning, mental health, 
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sleep disturbance in Japanese type-2 DM patients performance in physical role, performance in emotional role, general health perceptions, physical functioning, and bodily pain, was calculated according to the standard method. 27 The physical component summary from SF-8 (PCS) and the mental component summary from SF-8 (MCS) were employed as indices of physical and mental quality of life, respectively. The general population averages for the scores were set at 50 points. Therefore, a subject with a score of ,50 points was considered to have a diminished HRQOL. 28 
Data analysis
A one-way analysis of variance (ANOVA) was used for the comparisons of clinical descriptive variables between the general population and type-2 DM groups. ANOVA was also used for the comparisons among four subgroups divided by good and poor sleepers and by the type-2 DM group and the general population group, respectively. We used the chi-square test to compare categorical variables between the general population and type-2 DM groups.
In the present study, factors associated with poor sleepers in the type-2 DM group were investigated, using a series of logistic regression analyses with independent variables of age, sex, BMI, HbA1c, presence/absence of smoking, habitual alcohol consumption, living alone, family members requiring home-based nursing care, exercise habits, and regular employment. All variables were investigated initially in univariate models. We performed multivariate logistic regression analyses for all variables that showed a significant association in univariate models in order to control for confounding factors and to determine the primary correlates. Statistical tests of the regression estimates' odds ratios (ORs) were based on Wald statistics. ORs and their 95% confidence intervals (CIs) are presented to show the association.
A value of P,0.05 was considered significant. SPSS (11.5 for Windows; Tokyo, Japan) was used for all statistical analyses.
Results
Descriptive information about study participants
The demographic characteristics of the participants are presented in Table 1 . Both the general population and type-2 DM groups included 472 males and 150 females, and the mean (standard deviation [SD]) ages of the two groups were 56.1 (9.56) years and 56.8 (9.62) years (range; 30-69 years), respectively; there was no significant difference between the groups (F(1, 1,242)=1.83, ns). The mean BMI of the type-2 DM group was significantly higher than the general population group (F(1, 1,239 comparisons of subjective sleep evaluation and hrQOl among the subject groups
As shown in Table 2 , there were significant differences in total score and some subitem scores of PSQI-J between the two groups. ANOVA found that the type-2 DM group had worse total scores for PSQI-J, C3 than poor sleepers in the respective groups. Moreover, poor sleepers in the general population group and the type-2 DM group had higher CES-D than good sleepers in the general population group and the type-2 DM group (Figure 1 ).
Factors associated with sleep disturbance/insomnia in subjects with type-2 DM
The factors associated with sleep disturbance/insomnia (PSQI-J score over 5.5) were investigated using univariate and multivariate logistic regression analyses for the type-2 DM group (Table 3) . Univariate logistic analysis found that five independent variables were significant risk factors for sleep disturbance/insomnia in the type-2 DM group: being younger, having a higher BMI, habitual smoking, living alone, and a lack of habitual exercise. 
Discussion
The purpose of this study was to investigate systematically the prevalence, symptomatic features, impact on daytime functioning, and factors associated with sleep disturbance/ insomnia in Japanese type-2 DM patients and compare the results with an age-and sex-matched Japanese general population group. There were differences and similarities between the two groups. For individuals with type-2 DM, the mean total PSQI-J score and three of seven subitems were significantly higher than those for the general population group. The proportion of individuals with sleep disturbance/insomnia was not significantly different between the groups. The reason of this result may include wide age range of the study participants, difference in medication, and a lack of health screening especially in the general population group. Thus, in line with previous studies on Western populations, 16 sleep disturbance/insomnia symptoms may be more prevalent in type-2 DM individuals in the Japanese population, although the difference may not always be significant. Sleep disturbance/insomnia is generally found more common in female, however, female preponderance in insomnia seemed to be lost in the type-2 DM group. Of note, the type-2 DM group had significantly higher scores submit your manuscript | www.dovepress.com
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Narisawa et al for difficulty with sleep duration and sleep efficiency than the general population group, suggesting that disturbance in sleep maintenance may have specific characteristics in this group. The association between difficulty maintaining sleep and type-2 DM was also previously demonstrated by a study of Western populations. 17 As noted above, epidemiological studies of general populations have suggested that chronic insomnia may be a risk factor for developing depression. 30, 31 In the present cross-sectional study, although the causal relationships could not be clarified, higher PSQI-J was significantly associated with poor HRQOL and depression in both the type-2 DM group and the general population group. In addition, scores for PCS, MCS, and CES-D were at almost the same level for individuals without sleep disturbance/insomnia in the type-2 DM and the general population group.
It has been reported that poor sleep quality did not correlate with increased HbA1c level in patients of type-2 DM, 32, 33 whereas high HbA1c was significantly associated with insomnia symptoms in a Japanese nonpatient male population. 34 Thus, the relationship between HbA1c level and insomnia symptoms has been inconclusive. In the present study, the HbA1c value was not statistically different between the type-2 DM subgroups with and without sleep disturbance/insomnia, and logistic regression analyses did not find an association between HbA1c and sleep disturbance/insomnia. As the improvement in sleep problem in diabetic patients is not accompanied by reduction of HbA1c, 32 the level of HbA1c may not be predictive of the severity of sleep disturbance/insomnia in type-2 DM patients. On the other hand, living alone, which was correlated to long-term insomnia, 35 was associated with sleep disturbance/insomnia symptoms, suggesting that psychosocial distress or the home environment related to single life may be a cause of sleep disturbance/insomnia symptoms even in this disease population.
The cause of the type-2 DM group's greater difficulty with sleep maintenance could not be clarified in the present study. However, higher sympathetic nervous activity due to dysautonomia among type-2 DM patients 36, 37 is likely to cause microarousals that may lead to poor sleep maintenance. 38 In addition, we consider that sleep disturbance/insomnia symptoms worsen as the number of complications from diabetes increases. 39 Another possible reason is the greater prevalence of obstructive sleep apnea (OSA), an important cause of sleep maintenance insomnia, 40 in type-2 DM population than in the general population. 41 Higher BMI, one of the critical risk factors for the development of OSA, was a significant factor associated with sleep disturbance/insomnia symptoms in the type-2 DM group. However, while these speculations may explain the higher likelihood of the occurrence of sleep maintenance insomnia in the type-2 DM group, none of the subitems of C5, including pain and uncomfortable breathing, was significantly different between the type-2 DM and general population groups.
There are some limitations in this study. First, we cannot identify the causal relationship between the presence of sleep disturbance/insomnia symptoms and associated factors in the present study. Second, since the sample of type-2 DM individuals was recruited from a single medical institute, there may be sampling bias. Third, it was possible that some individuals affected with DM or other diseases were potentially included in the general population group. This may be one of the main reasons why the mean total score of PSQI-J was relatively high in the general population group. Fourth, participants who had subjective sleep disturbance/insomnia in this study were not clinically diagnosed but allocated by higher score of the PSQI cutoff point. Objective sleep measures are necessary to make a definite diagnosis and to clarify the presence/absence of other sleep disorders causative for participants' subjective disturbance in sleep maintenance such as OSA or restless legs syndrome. Likewise, other subjective scales related to DM were not used in the current study.
Conclusion
Individuals with type-2 DM may be more likely to experience sleep disturbance/insomnia compared with the general population, and disturbance in sleep maintenance was a specific feature of insomnia symptoms in this sample. Sleep disturbance/insomnia symptoms were thought to have a considerable impact on daytime functioning even in type-2 DM individuals. Future prospective study is necessary to clarify the positive effects of interventions for sleep disturbance/ insomnia in type-2 DM population.
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